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Cell Proliferation and Nasal Carcinogenesis
by Thomas M. Monticello,1' 2 Elizabeth A. Gross,1 and Kevin
T. Morgan1
The nasal passages of rodents provide valuable opportunities for research on relationships
between cell proliferation and cancer. The nose, which has multiple functions, possesses a
diverse range of tissue types, each with its own morphologic, physiologic, and metabolic char-
acteristics and site-specific cell turnover rates. Moreover, for inhaled materials deposited in the
nose, complex regional uptake or deposition patterns can result in site-specific responses,
including cancer. Presented here are important criteria necessary for undertaking cell prolifer-
ation studies in the nasal passages. The current literature concerning nasal toxicity and the
toxicant-induced proliferative response are also reviewed. Rodent nasal epithelium provides a
fruitful area for research on the role ofcell proliferation in carcinogenesis.
Introduction
The nasal passages have multiple functions including
important roles in protecting the lower respiratory air-
ways by absorbing water-soluble gases and vapors,
clearing inhaled particles, and metabolizing inhaled
xenobiotics. As the portal of entry for the respiratory
tract, the nose is a prime site for chemically induced
pathology. Epithelial regeneration and adaption (e.g.,
squamous metaplasia) are common responses of the
nasal epithelium after toxic insult. By replacing and
adapting the epithelial barrier, these proliferative
events act to repair damaged epithelium and to protect
the airway mucosa from further insult. The epithelium
lining the upper respiratory tract, including the nasal
passages, is normally in a steady state of cell renewal,
in which cell production balances cell loss (1). Under
these conditions, the cell turnover time for the respira-
tory epithelium is long (2). Increases in cell prolifera-
tion are seen in chronically irritated airway epithelium,
however, which is also a common site for malignant
transformation (3). Epithelial proliferation in response
to irritation is best exemplified by cigarette smoke-
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induced bronchial metaplasia, hyperplasia, dysplasia,
and carcinoma (4).
Cell kinetic studies combined with histopathology
may provide valuable information on the biology of
both neoplastic and nonneoplastic tissue responses to
toxic chemicals. In some instances, alterations in cell
proliferation are a more sensitive indicator of respira-
tory cell injury than routine histopathological evalua-
tion (5). This paper addresses important criteria neces-
sary for undertaking cell proliferation studies in upper
respiratory tract tissues, with special emphasis on the
nasal passages. Also, the current literature is briefly
reviewed regarding the potential association of toxi-
cant-induced alterations in cell proliferation with nasal
toxicity and cancer.
Nasal Cell Proliferation Studies
The rodent nasal passages are complex (Fig. 1) and
include a variety of site-specific epithelial types,
including squamous, cuboidal-transitional, respiratory,
and olfactory, each with its own background cell turn-
over rates. Both chemically induced neoplastic and non-
neoplastic lesions in the rat nose vary considerably in
location and nature, which is attributed to regional dif-
ferences in deposition, tissue susceptibility, or metabo-
lism (6). Due to the site specificity of toxicant-induced
lesions and the site-specific morphological variation in
nasal epithelium, a systematic histological examination
ofthe nasal passages is necessary before assessing cell
proliferation.
There are many approaches available for assessing
cell kinetics in tissue. For solid parenchymal organs,
such as the liver, cell proliferation data are routinelyMONTICELLO ETAL.
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FIGURE 1. Lateral view (A) of the rat nose showing turbinates and
location oflevels (I-V), demonstrating the complexity ofthe nasal
passages and sites selected for recent cell proliferation studies (5).
(B) Cross-section at level II, (C) cross-section at level III. The
majority offormaldehyde-induced squamous cell carcinomas origi-
nated at sites 1 and 2 (23). The nasal cell proliferation response
following formaldehyde exposure, however, occurs equally in sites
1,2, and 3. Reprinted with permission (5).
expressed as a percentage of labeled cells divided by
the total or a representative subtotal cell population
under study (i.e., a labeling index; LI). Special consid-
erations may be warranted, however, when determin-
ing the proportion ofcells undergoing replicative DNA
synthesis in nasal epithelia. Determining cell LI in the
epithelium lining the nasal passages can be very labor
intensive due to the extensive surface area and the
large number of cells that must be quantified. This
effort could be reduced by selection of specific areas,
based on histopathology, which may also result in the
collection of more meaningful data. Another important
concern is alterations in total cell population in
response to treatment, either through cell loss (cyto-
toxicity and exfoliation) or cell increase (hyperplasia),
both of which may influence the LI. If such changes
occur in a nondividing population of the epithelium
(e.g., ciliated respiratory epithelial cells, mature olfac-
tory sensory cells) in the absence of a true prolifera-
tive response in the cells capable of replicative DNA
synthesis (e.g., basal and/or secretory cells), an appar-
ent increase in the LI may occur simply because the
denominator for the LI calculation has changed (7). An
alternative method, which expresses cell proliferation
data as the number of labeled cell profiles per surface
area (unit length labeling index; ULLI), has been
described (7). This method is less labor intensive than
obtaining LI and has been shown to be a more appro-
priate method in certain situations where cell loss
influences the calculation of LI (7). Moreover, the
ULLI method considers and adjusts for cellular and
nuclear hypertrophy, both of which have the potential
to influence cell proliferation data (8).
Proliferative Responses to Nasal
Carcinogens
A number ofchemicals induce neoplasms in the nasal
cavity of the rat, but quantitative information charac-
terizing proliferative responses ofthe nasal epithelium
to carcinogens is minimal (9). The tobacco-specific
nitrosamine 4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-
1-butanone (NNK) is a rat nasal carcinogen (10).
Molecular dosimetry studies ofNNK have demonstrat-
ed that the promutagenic adduct 06-methyl deoxy-
guanosine (06MG) forms in both the respiratory and
olfactory rat nasal mucosa (11). Nasal tumors induced
by NNK, however, arise primarily from the olfactory
region ofthe nose, either from the olfactory epithelium
or underlying Bowman's glands, in association with
extensive cytotoxicity, necrosis, and basal cell hyper-
plasia and metaplasia (11). In contrast, NNK-induced
lesions in nasal respiratory epithelium are mild (11).
The investigators concluded that an increase in cell
proliferation of the olfactory epithelium, evidenced
qualitatively as basal cell hyperplasia and metaplasia,
coupled with the formation ofpromutagenic adducts at
this site, were required for the induction of olfactory
tumors by NNK (11).
A more quantitative correlation between cell prolif-
eration and cancer has been investigated for another
rodent nasal carcinogen, the nongenotoxicant 1,4-diox-
ane[dioxane (12)]. Dioxane, a colorless liquid used as a
specialty solvent, induces nasal squamous cell carcino-
mas in rats when administered for 2 years in drinking
water (13). Tumor mapping data revealed that these
dioxane-induced nasal squamous cell carcinomas arose
primarily in the nasal septum or nasoturbinate of the
anterior portion of the dorsal medial meatus (12).
These sites were selected for subsequent cell prolifera-
tion studies after acute administration of dioxane
under bioassay conditions (12). After 2 weeks of
administration, no histological lesions or increases in
LI over age-matched controls were observed at the
nasal sites studied. It was concluded that either chron-
ic administration of dioxane is necessary before prolif-
erative responses are seen, or that mechanisms other
than cell proliferation might be involved in dioxane-
induced nasal cancer (12).
Another short-term nasal cell proliferation study has
been reported recently that examined the proliferative
and cytotoxic effects of the oral analgesic drug
phenacetin, a rodent nasal carcinogen (14). Dietary
administration ofphenacetin to rats at a concentration
of 1.25 or 2.5% results in squamous or transitional cell
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carcinomas or adenocarcinomas ofthe nasal cavity (15).
In the cell proliferation study, rats were administered
phenacetin in feed for 1-2 weeks, at levels similar to
those reported in the oncogenicity study. After 1 week
ofadministration, [3H]thymidine incorporation in DNA
ofthe nasal mucosal cells was measured biochemically.
Phenacetin induced a dose-related increase in DNA
synthesis in both the respiratory and olfactory
mucosae. However, the increase in DNA synthesis of
the respiratory mucosa was due to an infiltration of
labeled inflammatory cells and not to proliferation
of the surface respiratory cells (14). This finding
demonstrates the importance of histopathological
evaluation when undertaking investigative cell prolif-
eration studies.
Histoautoradiography studies performed in rats
administered phenacetin for up to 2 weeks revealed
degenerative changes in the olfactory epithelium in
addition to necrosis of the underlying Bowman's
glands (14). These lesions were associated with
increases in cell proliferation only in the olfactory
epithelium. A clear dose-response relationship for cell
proliferation was detected that also correlated with
the reported tumor response from the chronic study
(14). The authors concluded that early proliferative
responses may be important in the induction of nasal
tumors seen with phenacetin (14). Moreover, it was
suggested that cell proliferation studies could provide
important data that may be useful for setting dose lev-
els in chronic bioassays.
For the above studies, each chemical was adminis-
tered orally or parenterally. There are few inhalation
studies where nasal cell proliferation was also evaluat-
ed. Preliminary inhalation studies with gluteraldehyde,
a respiratory tract irritant and cross-linking agent,
were recently reported (16). The evaluation of nasal
tissues from acute and subchronic exposures demon-
strated that gluteraldehyde-induced lesions in rats and
mice were confined to the most anterior portion ofthe
nasal passages and consisted of erosions, squamous
hyperplasia, and inflammation. The nasal lesions were
associated with significant, concentration-dependent
increases in cell proliferation. Concentration-dependent
nasal lesions and increases in cell proliferation were
also reported for an intranasal instillation study with
glutaraldehyde (17), which demonstrated that this
aldehyde was an order of magnitude more toxic to
nasal epithelium than formaldehyde, a known rat nasal
carcinogen (18). Cell proliferation data obtained from
these glutaraldehyde studies will be ofvalue for select-
ing exposure concentrations in the chronic bioassay.
Formaldehyde-induced Cell
Proliferation
To date, the most extensive database on nasal cell
proliferation was assembled from a chronic formalde-
hyde pathogenesis study in the F344 rat (8). For-
maldehyde is weakly mutagenic, binds covalently in
vitro to DNA and associated proteins, and reacts pref-
erentially with single-stranded DNA (19). Formal-
dehyde-induced elevations in nasal cell proliferation
may, therefore, have special relevance in the carcino-
genic process. Recent studies have shown that
formaldehyde-induced nasal lesions and increases in
cell proliferation after acute (1, 4, 9 days or 6 weeks) or
subchronic (3-month) exposure are concentration
dependent and occur in specific regions ofthe anterior
nasal passages, primarily the walls of the lateral mea-
tus, septum adjacent to the middle meatus, and medial
aspect of the maxilloturbinate (5,20). The increases in
cell proliferation were associated with nasal lesions,
including degeneration, necrosis, hyperplasia, and
squamous metaplasia. After 4 days or 6 weeks ofexpo-
sure, an increased LI was observed in rats exposed to
either 6, 10, or 15 ppm formaldehyde, whereas no
increases were detected in the 0.7 or 2 ppm groups (5).
After 3 months of exposure, however, increases in cell
proliferation were confined to only the two highest
exposure concentrations, 10 and 15 ppm (9). These
results demonstrate that 0.7 and 2 ppm formaldehyde
does not induce increases in nasal cell proliferation and
that 6 ppm induces transient increases that return to
control levels by 3 months. The early transient
increase in cell proliferation observed at 6 ppm empha-
sizes the importance ofevaluating multiple time points
during a cell proliferation study.
Preliminary results from later time points (6, 12, and
18 months) confirmed the 3-month data and demon-
strated that, over time, only 10 and 15 ppm formalde-
hyde caused increases in nasal cell proliferation. The
concentration response in nasal cell proliferation corre-
lated with the tumor response (21). These results
strongly support the hypothesis that sustained
increases in cell proliferation play a critical role in the
carcinogenic process of formaldehyde (21). It is inter-
esting to note that increases in cell proliferation were
found in each site evaluated, including the medial
aspect of the maxilloturbinate (Fig. 1). The number of
tumors arising from this latter site was disproportion-
ately lower as compared to the other sites at risk, even
though LIs were approximately equivalent between
sites. The lack of a correlation between cell prolifera-
tion and tumor induction at this site may be attributed
to differences in regional susceptibility to formalde-
hyde-induced cancer, the small target area at risk (and
therefore fewer target cells at risk), or other as yet
unidentified factors.
Summary
Cell death and renewal are prominent features of
many toxicologic injuries to the nasal epithelium.
Toxicant-induced cell necrosis followed by regenera-
tion could, therefore, be a major determinant in chemi-
cal carcinogenesis in the nasal passages. Studies with
formaldehyde have demonstrated a good correlation of
concentration-dependent cellular injury, sustained
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increased proliferation, and tumor formation. Because
cell proliferation is clearly involved in chemical car-
cinogenesis, these dose-responsive changes represent
potentially important data that might be used in set-
ting chronic bioassay doses, understanding mechanism,
and evaluating human risk. It should be stressed, how-
ever, that cell proliferation in response to cell death is
not the sole determinant in nasal carcinogenesis
because other inhaled irritant gases, such as dimethy-
lamine, induce severe nasal cytotoxicity, inflammation,
and squamous metaplasia, yet do not induce nasal
tumors after chronic exposure (22). Additional work is
needed to delineate the correlation between nasal toxic
responses, epithelial proliferation, and the carcinogenic
process.
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